Dynamic light scattering is used to obtain the anchoring energy coefficients of nematic liquid crystal (4-n-pentyl-4Ј-cyanobiphenyl) on rubbed nylon and photoactive poly-͑vinyl-cinnamate͒. The anchoring coefficients are determined by measuring the relaxation time of the fundamental director fluctuation mode in a homogeneously aligned wedge cell as a function of cell thickness. The method is nonperturbative as no external torque is applied to the liquid crystal during the measurement. We show that by using two different scattering geometries, both azimuthal and zenithal anchoring energy coefficients can be measured on the same sample. The obtained zenithal anchoring coefficient is found to be, in contrast to previously reported results, approximately only two times larger than the azimuthal one. The effect of higher order fluctuation modes on the detected autocorrelation function is in good agreement with numerical calculations.
I. INTRODUCTION
Uniform and stable liquid crystal ͑LC͒ surface alignment is the basis for many applications of liquid crystals in industry. The alignment is achieved by depositing liquid crystal on a properly treated anisotropic alignment substrate that orients LC in a preferred direction ͑easy axis͒. The standard way of obtaining the required anisotropy of the substrate is mechanical rubbing of a polymer, usually polyimide or Nylon ͓1-3͔. Such alignment is very stable and strong surface anchoring of liquid crystals is observed. The mechanism of the alignment, i.e., how the rubbing alters the surface and results in a uniformly oriented liquid crystal, is still not fully understood although many experiments including atomic force microscopy ͓4,5͔, x-ray spectroscopy ͓6,7͔, optical secondharmonic generation ͓8͔, and sum-frequency vibrational spectroscopy ͓9͔ were performed. The most probable seems the idea that the alignment is a consequence of the oriented state of the polymer chains ͓10͔. Another method of liquid crystal alignment is oblique evaporation of silicon oxide on glass plates ͓11͔. The method is interesting as the induced alignment can be either planar, homeotropic, or tilted, depending on the angle between the evaporation beam and the glass plate.
About a decade ago, Gibbons et al. ͓12͔ proposed a new alignment technique using photoactive substances that undergo selective isomerization or dimerization when illuminated by polarized light. This optical method of alignment is noncontact and, therefore, many drawbacks of buffing, such as the always present possibility of generating dust or electrostatic charge on the alignment layer, are avoided ͓13͔. Also patterns and pixels with variations in the orientation of the director are easier to obtain by illumination than by rubbing. The anchoring on photoactive layers is much weaker than in the case of rubbed polymers and temporal instabilities in the alignment were observed ͓14,15͔. Recently, a variety of other alignment techniques have emerged. Liquid crystals can be aligned on Langmuir-Blodgett films ͓16͔, on photopolymeric liquid crystals ͓17͔, or on self-assembled monolayers ͓18͔. Ruetschi et al. ͓19͔ proposed liquid crystal alignment on surfaces treated with the tip of the atomic force microscope. The latest developments in the liquid crystal alignment include alignment with atomic beams ͓20͔.
A parameter that quantitatively describes the orientationdependent anisotropic interactions between the liquid crystal molecules and the aligning substrate is the anchoring energy coefficient ͓21-23͔. It is introduced as the torque per unit area, needed to turn the director away from the easy axis, divided by the angle of rotation. It is assumed that the deviations from the easy axis are small. Two different parameters are usually introduced: the azimuthal ͑in-plane͒ anchoring energy coefficient W , corresponding to deviations from the easy axis in the LC-substrate plane, and zenithal ͑out-ofplane͒ anchoring coefficient W , corresponding to deviations perpendicular to the substrate plane. The standard measurements of the anchoring energy coefficients observe the response of the LC sample to an applied external torque. The external field is either mechanical ͓24 -26͔, electric ͓27-30͔, or magnetic ͓31-33͔. The external field, however, induces a change in the configuration of the director in the sample and the director at the surface deviates from the easy axis. The measured anchoring strength can, therefore, depend on the thickness of the deformed layer as stated by Jérôme ͓23͔. Moreover, it has been shown ͓34͔ that strong applied fields can result in melting of the liquid crystal rather than in a strong elastic deformation dictated by the external fields. Consequently, the anchoring energy coefficients measured by applying external torque can depend on the imposed deformation and on the field strength. The reported values of the azimuthal and zenithal anchoring coefficients show that zenithal anchoring is usually stronger than azimuthal and that there is one or even two orders of magnitude difference in the numerical values of these coefficients ͓23͔. However, the two coefficients have never been obtained on a single sample, they were determined using different samples and different experimental methods.
We propose an alternative method for measuring the an-choring energy coefficients by using dynamic light scattering ͓35-37͔ where no external torques act on the liquid crystal. The method is based on the observation of thermally excited orientational fluctuations in a thin undistorted sample. In bulk, the spectrum of fluctuations is continuous, with the relaxation rate at a given wave vector determined by the ratio of the corresponding elastic constant to viscosity. In a thin slab the components of the wave vector perpendicular to the slab are discrete. The relaxation rates of the modes, especially the lowest order ones, depend also on the boundary conditions, i.e., surface anchoring. As will be shown below, measurements of the lowest order relaxation rate as a function of the LC cell thickness enable us to determine also the anchoring strength. This approach was first used by Wittebrood et al. ͓38͔ who measured the fluctuation relaxation times in a liquid crystal between a flat surface and a glass lens. The authors determined the azimuthal anchoring energy coefficient in the case of weak anchoring and roughly estimated the zenithal anchoring strength in a hybrid sample. Using the same principle on a wedge cell ͓15,39͔, we studied the azimuthal anchoring coefficient on photoalignment layers.
In this paper we extend the dynamic light scattering method to measure both azimuthal and zenithal anchoring energy coefficients using the same nematic liquid crystal cell. The measurements were performed on different substrates in order to investigate different anchoring regimes, using rubbed nylon for strong anchoring and illuminated poly-͑vinyl-cinnamate͒ PVCi for weak anchoring. The two anchoring regimes yield different dependencies of the relaxation time of the fundamental fluctuation mode on sample thickness, i.e., linear dependence for weak, and quadratic dependence for strong anchoring. The influence of the higher relaxation modes is also discussed. Both azimuthal and zenithal anchoring coefficients are determined on the same sample and it is found that the zenithal anchoring is stronger than the azimuthal, however, in contrast to previously reported results, only by a factor of 2.
II. ORIENTATIONAL FLUCTUATIONS IN THIN NEMATIC CELLS
Director fluctuations in a bulk nematic liquid crystal can be described by overdamped sinusoidal waves. In an unlimited sample two types of eigenmodes are present ͓36,40͔: the first one being a combination of splay and bend elastic deformations ͑mode 1͒, and the second a combination of twist and bend deformations ͑mode 2͒. The relaxation time i (q) (iϭ1,2) of these eigenmodes is ͓40͔
where K i is splay (K 1 ) or twist (K 2 ) Frank elastic constant and K 3 is the bend elastic constant. The vector component q Ќ is the fluctuation wave vector component perpendicular to the director n 0 , q ʈ is the component parallel to n 0 , and is the effective rotational viscosity. In general, the director fluctuations ␦n that represent small deviations of the director from its equilibrium orientation n 0 are given by the diffusion equation ͓40,41͔, for simplicity written in the one-constant approximation Kٌ 2 ␦nϭ ‫ץ‬ ‫ץ‬t ␦n.
͑2͒
Let us now consider a thin planar sample of thickness d, which is confined in the z direction. The fluctuation dynamics is then determined by the boundary conditions ͓41͔
The solutions of Eq. ͑2͒ with the boundary conditions, given by Eq. ͑3͒, are the fluctuation eigenmodes in confined planar samples, which are overdamped standing waves in the z direction and undistorted waves in the directions parallel to the plates ͓41,42͔. If the fluctuations with q ʈ ϭ0 are observed, the modes become pure splay and pure twist modes. The allowed fluctuation wave numbers q z in the direction perpendicular to the glass plates, and to the director, are in thin samples discrete and for the even modes their values are given by the secular equation ͓41͔
If the twist fluctuation mode, related to the fluctuations parallel to the LC-substrate interface, is observed, the corresponding elastic constant is the twist Frank elastic constant K 2 and the anchoring energy coefficient in Eq. ͑4͒ is W . The secular equation ͓Eq. ͑4͔͒ is valid also for the fluctuation wave vectors of the pure splay mode, where ␦nʈq. In this case, the corresponding constant is K 1 and the anchoring coefficient is W . Often the term extrapolation length ͓40͔ is introduced as the ratio of the elastic constant to the anchoring strength: ϭK 2 /W for azimuthal and ϭK 1 /W for zenithal anchoring. The extrapolation lengths indicate whether the anchoring in a sample is regarded as strong, when is smaller or comparable to the sample thickness d, or weak, when is much larger than d.
In the case of infinitely strong anchoring (W→ϱ), the secular equation ͓Eq. ͑4͔͒ can be exactly solved and the eigenvalues for the nth mode are given by
Taking into account Eq. ͑1͒, the fluctuation relaxation time of the fundamental mode (nϭ0) for infinitely strong anchoring depends only on the sample thickness and viscoelastic constants of the liquid crystal,
If the anchoring is strong but finite, the extrapolation length is much smaller than the sample thickness. In this case Eq. ͑4͒ cannot be solved exactly and only an approximate value of the fundamental fluctuation wave vector can be obtained analytically. The first order correction to Eq. ͑5͒ gives for the wave vector of the fundamental mode
. ͑7͒
The expression for the relaxation time of the fundamental mode ͓Eq. ͑6͔͒ is changed accordingly and an additional term, which is proportional to the sample thickness and depends also on the extrapolation length , appears
The presence of the second term allows us to obtain the anchoring energy strength from these measurements. In the other case, when anchoring is weak and ӷd, Eq. ͑1͒ and a series expansion of the secular equation yield for the relaxation time of the fundamental mode
For small sample thicknesses the second term in the brackets is small compared to the first one and can, therefore, be neglected, leaving a linear dependence of on the sample thickness. This is in contrast to strong anchoring, where the dependence is quadratic in the leading term. The prefactor in Eq. ͑9͒ is inversely proportional to the anchoring energy coefficient and by measuring 0 as a function of sample thickness, W can be obtained. In the intermediate regime where none of the upper expansions ͓Eqs. ͑8͒ and ͑9͔͒ is valid, the whole secular equation ͓Eq. ͑4͔͒ has to be taken into account.
When performing the dynamic light scattering experiment, the autocorrelation function of the scattered light is detected. The fundamental mode gives the dominant contribution to the scattered light at small scattering vectors and in very thin samples ͓43͔. For larger scattering angles and thicker samples, however, the contribution of higher fluctuation modes is significant and should not be neglected. The relaxation times m (d) of the symmetric modes, which are the only ones contributing to the light scattering spectrum are obtained from different branches of the secular equation ͓Eq. ͑4͔͒. The relative intensity I m of the light scattered by the mth fluctuation mode is ͓43͔
where q zm is the z component of the mth mode wave vector and q s is the magnitude of the scattering vector, assumed to be parallel to the z axis.
In order to study the influence of higher fluctuation modes on the average relaxation time observed in light scattering experiment, we simulate the measured autocorrelation function. As the modes are statistically independent, the observed g (2) is the sum over all modes, weighted by I m . The resulting autocorrelation function is well described by the stretched exponential decay ͓44͔
with two relevant fitting parameters: an effective relaxation time , and stretching exponent s. For thin samples and small scattering angles, when only one mode is observed, sϭ1 and ϭ 0 . Each deviation from this value of s indicates either nonnegligible contributions of other fluctuation modes, or a disoriented sample ͓45͔. The value of s can, therefore, be considered also a figure of merit for the quality and reliability of each measurement. The calculated effective relaxation time associated with g (2) with several contributing modes is plotted as a function of sample thickness in Fig. 1 ͑solid line͒, whereas the dashed line represents the relaxation time of the fundamental mode. The extrapolation length used in the calculation was ϭ200 nm and the scattering vector was qϭ1.5 m Ϫ1 . As one can observe, the deviation in the effective relaxation time from the relaxation time of the fundamental mode becomes apparent for sample thicknesses larger than d ϳ2 m. In thicker parts of the sample higher modes prevail, reaches a maximum value at dϷ4 m, and then decreases with increasing thickness. This is because the main contribution to the relaxation time comes from higher fluctuation modes with the wave vector that matches most the scattering wave vector. As these modes have larger relaxation rates than the fundamental mode, the relaxation time is decreased. The stretching exponent s was also obtained from the numerical calculations and is shown in Fig. 1 as a dotted line. In the thin region where the fundamental mode prevails, s equals 1. In thicker samples, where higher modes appear, s is reduced, whereas in the region where the contribution of the first mode becomes negligible, s increases again as the light scattered by the next fluctuation mode is dominant.
III. DYNAMIC LIGHT SCATTERING EXPERIMENT
The dynamic light scattering ͑DLS͒ experiment was performed with a standard photon correlation setup with a He-Ne laser operating at 632.8 nm. The normalized intensity autocorrelation function ͓35͔
with I being the intensity of the detected light, was measured using the ALV-5000 correlator. The selection of scattering geometry and the polarizations of the incoming and outgoing beams allowed us to observe one specific fluctuation mode and to determine the corresponding anchoring energy coefficient. In both cases ͑azimuthal and zenithal anchoring͒ the scattering angles were fairly small ͑up to a few degrees͒ so that the scattering length was large compared to the sample thickness and that as few modes as possible were observed, preferably only the fundamental mode.
A. Preparation of the samples
The liquid crystal used in our experiment was 4-n-pentyl-4Ј-cyanobiphenyl ͑5CB͒ from Sigma-Aldrich and used as received without further purification. The aligning substrates were rubbed nylon and photoactive poly͑vinyl-cinnamate͒ ͑PVCi͒ ͓46,47͔ coatings. In order to achieve different anchoring regimes, nylon was rubbed three times for the measurements of moderately strong anchoring ͑sample A), four times for very strong anchoring ͑sample B), whereas to achieve weak anchoring, the PVCi was used ͑sample C). This sample was prepared with the glass plates dipped into the solution of PVCi in chloroform, dried, and illuminated with linearly polarized UV light in order to induce anisotropy in the alignment substrate. The procedure of preparation of this sample is in detail described elsewhere ͓15͔. Glass plates with treated surfaces were then used to prepare wedge cells by inserting spacers between the glass plates only on one side. To achieve very small sample thickness in the thin part of the cell, the glass plates had to be clearly cut and firmly pressed together. The thickness of wedge cells was accurately determined by interferometric method using a spectrophotometer and the obtained thickness was varying from 200 nm to 6 m. Easy axes on both plates in the cell were parallel, giving a homogeneous liquid crystal alignment. The cells were filled with liquid crystal in the nematic phase with the flow direction parallel to the substrate easy axes. During the measurements the temperature was kept constant at 32°C, i.e., 3.5 K below the nematicisotropic transition temperature T NI ϭ35.5°C.
B. Azimuthal anchoring energy measurement
In order to determine the azimuthal anchoring energy coefficient the twist fluctuations in a nematic slab had to be observed. This was achieved by the DLS setup shown in Fig.   2͑a͒ : the polarization of the incoming light i ជ was perpendicular to the scattering plane and the outgoing beam polarization f ជ lay in the plane. The orientation of the nematic director n 0 was parallel to the incoming polarization and to the direction of the sample thickness gradient. The scattering angle was constant during the experiment and was chosen between 2°-3°, which minimized the contribution of bend fluctuations and, therefore, an almost pure twist mode was observed. The chosen setup enabled us to measure the relaxation time of the fundamental twist mode as a function of sample thickness by simply moving the sample in the direction perpendicular to the scattering plane.
An example of measured autocorrelation curve from which the relaxation time at a given thickness d was derived is shown in Fig. 3 , where circles represent the measured data. The data can be well fitted with stretched exponential decay function ͓Eq. ͑11͔͒, shown as a solid line. The coefficient B in Eq. ͑11͒ is determined by the intensity of the dynamically scattered light. In our case BӶ1, which means that the measurement was performed in a strong heterodyne regime and that the characteristic decay time indeed equals the fluctuation relaxation time ͓35͔.
C. Zenithal anchoring energy coefficient
The zenithal anchoring coefficient was measured by observing the splay fluctuations in the planar nematic sample, FIG. 2 . Experimental setup for the measurements of the anchoring energy coefficients. ͑a͒ The polarization of the incoming beam i ជ is parallel to the director n 0 but perpendicular to the scattering plane and the polarization of the outgoing beam f ជ . This setup enables us to measure the azimuthal anchoring coefficient. ͑b͒ Zenithal anchoring is measured when both polarizations and director lie in the scattering plane. Scattering angle in both cases is fairly small ͑up to a few degrees͒. which was only possible with the arrangement shown in Fig.  2͑b͒ . Polarizations of the incoming and outgoing beams lay in the scattering plane and so did the director. As both polarizations were parallel, the main contribution to the detected beam was the statically scattered light by the glass plates and only a small fraction of the detected light was dynamically scattered by fluctuations in the liquid crystal. The fitted coefficient B ͓Eq. ͑11͔͒ is thus very small, of the order of 10 Ϫ4 , which is approximately 100 times smaller than in the measurements of azimuthal anchoring. The autocorrelation function, therefore, had to be measured for a considerably longer time in order to obtain sufficient signal.
IV. RESULTS AND DISCUSSION
The measurements were performed on cells with three different substrates in order to study the fluctuation dynamics and to determine the anchoring energy coefficients in three different anchoring regimes. Using the moderately rubbed nylon ͑sample A), the autocorrelation functions of the scattered light were measured in a wide range of sample thicknesses, extending from ϳ300 nm to ϳ6.5 m. The decay of the autocorrelation functions was analyzed in terms of the stretched exponential function ͓Eq. ͑11͔͒ and two parameters were obtained as a function of the sample thickness: the effective relaxation time and the stretching exponent s, as shown in Fig. 4 . In the thinner part of the sample, up to ϳ3 m, the parabolic dependence of the relaxation time on the sample thickness is observed, implying that a pure fundamental mode was detected and that the surface anchoring was fairly strong. Fitting the parabolic expansion ͓Eq. ͑8͔͒ to the experimental data in this region yields ϭ(200 Ϯ10) nm and the corresponding anchoring energy coefficient is W ϭ(1.4Ϯ0.2)ϫ10 Ϫ5 J/m 2 . The other parameter obtained from this fit is the ratio of the Frank elastic constant to the effective rotational viscosity. At 32°C, the fitted value K 2 /ϭ(6.4Ϯ0.4)ϫ10 Ϫ11 m 2 /s is in excellent agreement with the data for 5CB found in the literature ͓48 -51͔. Also, consistency of this fitting parameter implies the reliability of the obtained extrapolation length.
For thicknesses above Ϸ3 m the relaxation time ceases to increase, reaches a maximum at ϳ4 m and then slowly decreases with increasing thickness towards the bulk value. This indicates that the contributions of higher fluctuation modes are not negligible in this range, which is consistent with the calculated dependence of (d) ͑Fig. 1͒. Apart from the relaxation times, also the stretching exponent s was obtained from this experiment and the results are shown in Fig.  4͑b͒ . Its behavior is in good agreement with the predictions of the numerical calculations ͑Fig. 1͒: for small thicknesses, s equals 1, meaning that pure fundamental twist mode was indeed observed, and then decreases to the lowest value of 0.75. This minimum is achieved at the same thickness where reaches its maximum value. Above ϳ4 m s again increases. This is because the next higher mode prevails and the contribution of the first mode becomes less important. In conclusion, we may say that the azimuthal anchoring energy coefficient can only be determined by observing the dynamic light scattering at small sample thicknesses, where the pure fundamental mode is detected. This means that the measurements should be performed at thicknesses below ϳ2 m, depending on the anchoring strength, the viscoelastic constants of the liquid crystal, and on the scattering length, which was in our case Ϸ4 m.
In order to measure the zenithal anchoring energy coefficient using the same sample, the fundamental splay fluctuation mode has to be observed. The measured dependence of the relaxation time is plotted as a function of d in Fig. 5 . The dependence of the splay mode relaxation time on the sample thickness is parabolic, indicating strong anchoring regime. Using the same procedure as in the case of strong azimuthal anchoring, zenithal extrapolation length ϭ(150Ϯ40) nm is obtained from the fit independently of the viscoelastic constants. This value corresponds to the an- The crosses are the measured data, the solid line is the parabolic fit to the data at small sample thicknesses. Deviation becomes significant for thicknesses larger than Ϸ3 m. Ϫ11 m 2 /s, which is slightly less, but consistent with the data found in the literature ͓48 -51͔.
A comparison between the two obtained anchoring energy coefficients, W ϭ(1.4Ϯ0.2)ϫ10 Ϫ5 J/m 2 and W ϭ(2.9 Ϯ1.0)ϫ10 Ϫ5 J/m 2 , can now be made. We find that the zenithal anchoring is stronger than the azimuthal, but only by a factor of 2. This is in contrast to what was reported earlier ͓23͔, where one or even two orders of magnitude difference between the coefficients was observed. However, as the dynamic light scattering method enables us to determine both coefficients on the same sample using the same method, we believe that the present comparison between the two anchoring coefficients is more reliable.
The measurements of the anchoring energy coefficients on sample B, where a very strong anchoring was expected because of additional rubbing of the aligning layer, were performed for thickness ranging from 0.2 to 2 m. In this region, only the fundamental mode was observed (sϭ1) and the obtained relaxation time is plotted as a function of sample thickness in Fig. 6 , where the circles represent the measurements and the solid line the best fit of Eq. ͑8͒ to the experimental data. The obtained azimuthal extrapolation length for strongly rubbed nylon is four times smaller than in the previous case, i.e., ϭ(50Ϯ10) nm. This value corresponds to the anchoring energy coefficient of W ϭ(5.6 Ϯ1.2)ϫ10 Ϫ5 J/m 2 . The other parameter obtained from this fit is the ratio of the viscoelastic constants that depends only on the LC properties and should be the same as when measuring the anchoring coefficient on moderately rubbed sample. At 32°C, the fitted value K 2 /ϭ(6.84Ϯ0.3) ϫ10 Ϫ11 m 2 /s is in excellent agreement with the previously obtained value. The dashed line in Fig. 6 is obtained by fitting the whole secular equation ͓Eq. ͑4͔͒ to the measured data. Also in this case, can be derived directly without knowing the viscoelastic constants of the liquid crystal. The obtained value ϭ(50Ϯ8) nm matches exactly the one obtained from the parabolic fit, confirming that for strong anchoring the parabolic expansion yields reliable and accurate values of the anchoring energy coefficient.
The zenithal anchoring energy coefficient was also determined on the strongly rubbed nylon sample ͑sample B). However, due to the fact that for a reliable analysis, the extrapolation length should not be much smaller than the thickness of the thinnest part of the cell, the extrapolation length in this case could not be accurately determined. The obtained values ϭ(37Ϯ30) nm and W ϭ(1.2Ϯ0.9) ϫ10 Ϫ4 J/m 2 are thus merely estimates. The third set of measurements was performed in a sample where weak anchoring was expected. Using the photoaligned sample ͑sample C), the obtained fluctuation relaxation time as a function of sample thickness is shown in Fig. 7 . The squares represent the relaxation times of the twist fluctuation mode, from which the azimuthal anchoring strength was determined, and the circles represent the splay relaxation times used to determine the zenithal anchoring energy coefficient. In both cases the dependence is linear; according to Eq. ͑9͒ this means that the anchoring of liquid crystal on the photoalignment layer is weak. The anchoring coefficients are then obtained by fitting Eq. ͑9͒ to the experimental data. The azimuthal anchoring energy coefficient is found to be W ϭ(5.3Ϯ0.3)ϫ10 Ϫ6 J/m 2 and the zenithal W ϭ(9.1 Ϯ0.85)ϫ10 Ϫ6 J/m 2 . We, therefore, observe that also in the case of weak anchoring induced on photosensitive alignment layer, the two anchoring energy coefficients differ less than by a factor of 2. It should be noted that linear dependence of the relaxation time on the sample thickness extends up to d ϳ3 m, indicating that the contributions of the higher fluctuation modes are negligible.
V. CONCLUSIONS
In this paper we have shown that the dynamic light scattering experiment is suitable for measurements of not only azimuthal but also of zenithal anchoring energy coefficient using the same planar nematic liquid crystal sample. In contrast to previously used methods, where external torques were applied to the liquid crystal during the measurement, the present method is based on the observation of intrinsic thermal fluctuations and does not affect the uniform configuration. Using a wedge cell, we confirmed experimentally that the relaxation time of the fundamental fluctuation mode de- pends linearly on the sample thickness in the case of weak anchoring and parabolically in the case of strong anchoring. We found that the linear and quadratic expansions for the relaxation time are valid only to a certain thickness, beyond which the fundamental mode is overcome by higher fluctuation modes and the measured relaxation time changes drastically. Therefore the measurement of the anchoring energy coefficient of 5CB on different substrates should be performed at sample thicknesses below ϳ3 m. The azimuthal anchoring coefficient depends strongly on the sample preparation and on the treatment of the alignment layers. In our experiment the zenithal anchoring energy coefficient was measured on the same sample and under the same external conditions as the azimuthal coefficient. Using differently rubbed nylon and photoactive PVCi, we found that the ratio of the two anchoring energy coefficients is W /W Ӎ2 for all anchoring regimes and substrates used in our experiment.
